Objectives-To study the role of dust exposure on incidence of respiratory symptoms and decline of lung function in young coal miners. Methods-The loss of lung function (forced vital capacity (FVC), forced expiratory volume in one second (FEV,), forced expiratory flow (MEF), carbon monoxide transfer factor (TLCO)) with time and the incidence of respiratory symptoms in 909 Sardinian coal miners (followed up between 1983 and 1993 with seven separate surveys) has been compared with the past and current individual exposures to respirable mixed coal dust. Multiple linear and logistic regression models were used simultaneously controlling for age, smoking, past occupational exposures, and other relevant covariates. Results-According to the relatively low dust exposures experienced during the follow up few abnormal chest x ray films were detected. In the cross sectional analysis ofinitial data, significant associations between individual cumulative exposure to dust, decrements in FEV, and MEFs, and increasing prevalence of respiratory symptoms were detected after allowing for the covariates included in the model.
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Results-According to the relatively low dust exposures experienced during the follow up few abnormal chest x ray films were detected. In the cross sectional analysis ofinitial data, significant associations between individual cumulative exposure to dust, decrements in FEV, and MEFs, and increasing prevalence of respiratory symptoms were detected after allowing for the covariates included in the model.
The yearly decline of FVC, FEV,, and single breath carbon monoxide transfer factor (TLCOIVA) was still significantly related to the individual exposure to dust experienced during the follow up, even after allowing for age, smoking, initial cumulative exposure to dust, and initial level ofeach functional variable. In logistic models, dust exposure was a significant predictor of the onset of respiratory symptoms besides age and smoking. Conclusions-The results show that even moderate exposures to mixed coal dust, as in our study, significantly affect lung function and incidence of symptoms of underground miners. Although the frequency of chest x ray examination might be fixed at every three or four years, yearly measurements of lung function (spirometry, MEFs, and TLCo) are recommended for evaluation of the respiratory risk from the coal mine environment to assess the need for further preventive interventions.
(Occup Environ Med 1996;53:312-319) Keywords: coal; respiratory symptoms; lung function decline Chronic respiratory diseases have a pre-eminent role in the health conditions of coal miners with important implications for morbidity and excess mortality from specific causes. 2 The cumulative exposures to the respirable mixed coal dust fraction together with its quartz content are the most important factors in the incidence of pneumoconiosis which is more frequent in old miners and sometimes evident only after retirement. 3 6 The adoption in the European countries of adequate standards for respirable mixed coal mine dust have led in the past 20 years to a substantial reduction in the incidence of simple coal workers' pneumoconiosis and to a drastic decrease of progressive massive fibrosis. 7 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 veyor belts, and several free steered diesel vehicles for transporting people and for haulage underground. Two shafts and a long sloping way for diesel vehicles and conveyor belts complete the transportation system to the surface.
The coal (lignite, brown coal) is then processed in the external ore Individual exposure to respirable mixed coal dust was assessed for each underground and surface occupational group. Gravimetric dust concentration was measured frequently since 1978 and particularly during the follow up time by both static and personal samplers during several eight hour shifts.2628 The number of samples was proportionally higher for the most exposed tasks, for occupational groups containing a large proportion of miners, and for those tasks with a large variability in dust exposure.
Starting from the personal measurements carried out for each task group and department and from a detailed reconstruction of the entire occupational history of each man over the time in the mine, the individual cumulative exposure to respirable mixed coal dust in mg/m3.years was calculated as a sum of products between the years or fractions of a year spent in the different occupational tasks and the geometric mean respirable dust concentration attributed to the different task groups for the single time periods considered.
Quartz concentration was evaluated by x ray diffraction by the standard method.29 STATISTICAL 
ANALYSIS
Multiple linear least squares regression for continuous outcomes and logistic regression for binary outcomes were applied both for the cross sectional and longitudinal analysis by the SPSS statistical package for personal computer; in both models a simple forward stepwise procedure was used (P for inclusion < 0.05).
A cross sectional analysis was applied to the data corresponding to the first study of each man in the study. The effect of cumulative exposure to dust on lung function and respiratory symptoms was calculated with simultaneous control for age, height, smoking, and years of past occupational exposure in dusty or noxious jobs before employment in the mine.
In the longitudinal analysis, the effect of the estimated individual annual exposure to respirable dust experienced during the follow up on the decline of functional tests was checked with simultaneous control for age, mean number of cigarettes or pack-years smoked during the study period, the initial value of each functional variable, and the cumulative dust exposure up to the initial survey.
The effect of exposure to dust during the follow up on the onset of respiratory symp- toms was assessed through logistic regression. Age adjusted odds ratios (ORs) by categories of dust exposure were thus derived.
Results

DEFINITION OF THE COHORT
More than 95% of the active miners participated in each of the seven surveys carried out during the study. The data reported here refer to male workers with more than two years in the mine who took part in at least three surveys. Among these 932 men, 23 with unacceptable or missing lung function tests or questionnaire were excluded (table 1) . However, the work force lost to follow up was low enough not to cause any substantial selection bias in the results.
The percentage distribution of the 909 cohort members according to the date of entry to the study was as follows: 44 9% in the 1983 survey; 1-8% in 1985; 22-6% between 1986 and 1988; 22-1% in 1989; and 8'6% in the 1990 survey.
In 46-7% of men the first observation coincided with the pre-employment medical survey (100% for subjects who entered the cohort between 1986 and 1988). The mean (SD) age when first hired was 28-9 (5-6); the age at the man's first survey was 31 2 (6@1) years distributed as: 43-2% in the age group 20-9 years; 46-1% in the age group 30-9; 9-8% in the age group 40-4; and 0 9% in the age group 50-4 years.
Only 30 subjects had previously worked in other metal or coal mines, whereas 258 cohort members had previous occupational exposures, generally for less than five years, as farmers, bricklayers, welders, mechanics, or unskilled workmen in the building industry.
The mean duration of follow up was 7-08 years, with a maximum observation period of 10 years in 41-6% of the cases. On average the longitudinal analysis was based on the results of over five surveys. For 261 miners who entered the study in 1983 complete results were available for all the seven surveys.
EXPOSURE TO DUST
The geometric means of respirable dust concentrations measured by personal samplers (more than 650 shift samples during the study period) varied between 1-73 and 3 05 mg/M3 for miners at the coal face (tunnelling and longwall groups) depending on task and phase of mining activity. For other underground (transportation, underground maintenance, pit services) and surface jobs (ore dressing, workshops) the individual exposures to dust were on average less than 1.0 mg/M3, with relatively constant figures during the follow up.
In many long term samples of respirable mixed coal dust from the coal face of this mine a relatively high silica content was found, mainly depending on the wall rocks of the roof which contain a high concentration of quartz.
Airborne respirable quartz concentrations were higher than 0-1 mg/M3 30 in 26-2% of the personal shift samples from coal face groups; among the other occupational tasks it was sig-Dust exposure, respiratory symptoms, and longitudinal decline oflungfuinction in young coal miners31 (fig 2B) .
In the results from the multiple linear regression analysis of functional data from the Table 4 shows the results of the multiple linear regression (forward stepwise including only variables with a significance of P < 0'05) used to evaluate the relative effects of the considered risk factors on the yearly deterioration of each functional test.
As expected from the effect due to the regression towards the mean,3' the higher the initial lung function the higher was the absolute yearly decline during the follow up. However, even after allowing for the functional initial value, age, and smoking effect, the extent of individual annual exposure to respirable mixed coal dust during follow up still had a residual significant effect on the yearly decline of FVC, FEV,, and TLCO/VA.
The onset of symptoms of chronic bronchitis during follow up, included in the model as a dummy variable, was associated with a further annual decline in FEV, (not shown in the table). Table 5 shows the effect of cumulative exposure to dust experienced by each miner after the first survey on the mean decline of each test from the initial values, after standardisation for a time period of 7-08 years of follow up. The covariates included in the model were the age halfway through a man's follow up, the initial value of each functional variable (for FVC and FEVy, the FVC/height2 and the FEV,/height2 ratios were included in the model as initial values), the number of pack-years smoked by each miner during follow up, and the cumulative exposure to coal mine dust experienced up to the man's first survey. The results show that the amount of cumulative exposure to dust experienced during the follow up time had a significant effect on the decline of each functional variable, even after allowing for the other variables included in the model.
As in table 4, the decline in lung function tests was inversely related to the initial cumulative exposure to dust (positive regression coefficients). This means that, independently from age and smoking, in miners with higher initial Dust However, as shown by the R2 values, only a relatively low percentage of the total variability was explained by the models: for instance 10-4% for FEVI. This value lies halfway between those reported in the two other longitudinal studies, '5 16 in which the models accounted respectively for 6% and 12% of the total variability.
In separate regression models (not shown in a table for brevity) we have used as a dependent variable the functional decline calculated as a percentage of the mean of each variable for each miner for the surveys in which he was tested during the follow up, as suggested also by Burrows et al." The results were substantially similar to those in which the absolute values were used, which confirmed the negative effect of the yearly dust exposure on the decline of lung function in the study period, other than that due to age and cigarette smoking.
The relation between age, smoking, and dust exposure on the onset of respiratory symptoms during the follow up among miners who were non-symptomatic at their first survey has been summarised as ORs by quartiles of dust exposure experienced during the follow up. Table 6 shows that annual exposure to respirable coal dust was a significant predictor of each respiratory symptom other than smoking and age.
Discussion
The main purpose of this study was to explore whether the current exposure to respirable mixed coal dust was a significant contributor to the decline of lung function other than that due to age and smoking, rather than to see if changes in lung function were related to the initial level of each test.
The extent of the decline in lung function was significantly correlated with exposure to mixed coal dust experienced during follow up. Although such an effect was not remarkable as an absolute value, nevertheless it identifies the independent negative role on lung function of relatively moderate dust exposures such as those experienced by the studied population.
Other concomitant exposures in the mine environment cannot be completely ruled out even if generally the exposures to NO,, and SO2 from diesel engines were substantially low over the time and blasting procedures were seldom used in this mine.
The quantitative relation between exposure to respirable dust and functional decline varies in quantity from case study to case study depending on several factors such as: methods of the collection of data, number of observations, duration of follow up, age distribution of the cohort members, amount of previous and current exposure to 
